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€9 Adevice for translating a rotary motion to a linear one.

A device for translating a rotary motion to a linear one
consisting of a first elongate body (1) provided with screw
threads extending along the body and a second body (5) ro-
tatable coaxially with the first body. A number of rollers (3)
are arranged between the first and the second body with the
axes of the rollers paraliel to the axes of the bodies and
provided with threads meshing with the screw threads of the
first body, the first body being provided with teeth extending
substantially along the entire body. Moreover, the rollers
have teeth cooperating with the teeth of the first body, one
body being displaced relative to the other atthe turning of the
bodies relative to one another. The second body (5) has
threads (6) cooperating with the threads (4) of the rollers (3),
and teeth (11) cooperating with the teeth (9) of the rollers. The
threads (2, 4, 6) of the first body (1), the rollers (3) and the
second body (5) are trapezoidal threads, the threads of the
rollers (3) and the threads of the second body (5) having the
same turning direction and the threads of the first body (1)
having a turning direction opposite to the turning direction of
the rollers and the second body. The pitch circle (14) of the
teeth (8) of the first body (1) is located at some distance from
the average diameter (15) of the threads (2) of the first body
(1) and the pitch circle (16) of the teeth of each roller (3),
respectively, is located at some distance from the average
diameter (17) of the threads (4) of the roller.
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A device for translating a rotary motion to a

Iinear one

This invention relates to a device for translating a
rotary motion to a linear one, as indicated in the preamble
of claim 1.

Thus, known devices of this kind use freely rotatable
wheels or rollers mounted in one of the parts displaceable
relative to each other, which rollers cooperate via ribs or
cams with the threads of the other part. By turning one
part the rollers will roll with the cams meshing with the
threads displacing the second part in this way. The ribs or
cams of the rollers may then be parallel lying in planes
extending perpendicularly to the roller shaft or form
threads corresponding to the threads of the threaded part.
At such devices it is required that the rollers must be
exactly guided and driven by the second part and abut and
engage the threads thereof all the time. As soon as an
obliquity between roller and the threaded part appears or
a roller is released from this, resulting in different
rolling velocity, the device will inevitably seize. Due to
the fact that a relative movement between the screw and
the roller or rollers cannot be prevented there is a risk
that the entire device must be dismounted to be restored
to an operable state if it is driven to far, that is to a
stop in an outer position. Another very great problem at
known devices of this type is that it is very difficult to
obtain self-braking, i.e. the device should be stationary
without a separate brake even at the greatest load. So far
no solution has been found, either, to achieve self-braking
of this type of devices.

It is possible by the present invention, as it is
apparent from the characterizing portions of the claims,
to eliminate the disadvantages mentioned above and associa-
ted with the so far known mechanisms of the type intended
here so as to translate a rotary motion to a linear one
and to achieve a perfect self-braking of the device, even
if materials of a very low coefficient of friction are used
such as hardened steel against hardened steel.
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The invention will be described in greater detail in
the form of an example with reference to the drawing,
wherein Fig.ri shows the central part of the invention
partially im side elevatiop; Fig.ré shows a cross section
of the invention and'Fig. 3 shows a detail of the inven-

tion on an enlarged scale as compared with Figs. 1 and 2.

Fig. 4 shows graphically a detail of the device according

to the invention.

The figures only show the very inventive thought in
detail while the rest of the machine element, in which the
invention is included, is omitted. In general it can be
said that this consists of a threaded screw mounted in a
suitable way and driven e.g. by an electric motor. A
housing for supporting the rollers cooperating with the
threaded screw can be connected to an axially displaceable
sleeve surrounding the screw. Of course the housing or
sleeve can instead be driven by an electric motor via e.g.
a gear reduction set, whereby the housing or sleeve at a
stationary screw will move axially along the screw.

1 denotes a screw or an axle provided with threads 2.
A number of rollers 3 provided with threads 4 engaging the
threads 2 of the axle 1 cooperate with the threaded axle 1.
A housing 5 is arranged about the axle 1 and consists of a
cylinder 7 provided with internal threads 6. The threads 6
of the cylinder copperate with the threads 4 of the rollers
3 evenly spaced between the housing 5 and the screw 1. The
threads Z, 4 and 6 consist of trapezoidal threads. In the
example shown the screw 1 has left-hand threads, the rollers
3 right-hand threads and the housing 5 or the cylinder 7
right-hand threads as well.

As will be described below more in detail the threads
2 of the screw 1 are provided with teeth 8 within the root
area. In the range of the thread tops each roller 3 is
provided with a toothing or teeth 9 meshing with the teeth
8 of the screw. Two rings 10 which are provided with cog
teeth 11 on their insides are locked to the cylinder 7.
The cog teeth 11 and the teeth 9 of the rollers coact with
one another. Fixation of the rings 10 to the cylinder 7
can be effected by means of e.g. clamping rings 13 provi-
ded with threads 12 so that they can be screwed onto the
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cylinder 7. As 1is apparent from Fig. 1 these will clamp

the rings 10 against the cylinder 7 when tightened. It is

to be understood that the rings 13 can be locked in a
clamping position relative to one another and the cylinder 7.

In the example shown the screw 1 has a threaded lead,
the rollers 3 also a threaded lead and the housing or cylin-
der 7 five such leads. The number of rollers 3 is six and
the rollers are guided with respect to their movement com-
pletely by geometry and the teeth 8, 9 and 11 without any
roller holders being necessary.

As is more closely apparent from Fig. 3 the pitch
circle 14 of the teeth 8 of the screw 1 is spaced according
to the invention inside the average diameter 15 of the
threads 2 of the screw. The pitch circle 16 of the teeth 9
of each roller 3 is spaced outside the average diameter 17
of the thread 4 of each roller. The pitch diameter 18 of
the teeth of the housing or cylinder 7 is radially spaced
inside the average diameter 19 of the threads 6 of the
cylinder 7.

By this configuration, that is with the same thread
turning in roller 3 and housing 5 but different from the
thread turning of the screw 1 a gear change of.the device
is obtained according to the formula

DS, .«
U, = k

t R

where DSk = the average diameter of the teeth 8 of the
screw 1 (designated 14 above for the sake of clearness)

and where R is the longitudinal displacement of the housing
5 for one turn of the screw 1 and is derived from the

formula

DS DS DS

R=S§-8§ k - S Kﬁ- k ) k ]
2(DS, + DR) 2(DS, + DR,) DR,

where S = the pitch
DR = the average diameter of the teeth of the roller 3
(previously designated 16 for the sake of clearness).

In accordance with the invention, with rollers exactly
guided between screw and housing and with the gear exchange
as above it is possible to accomplish a complete self-braking
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action of the device, i.e. also at maximum load (also over-

load) in stationary position the device remains immobile.
The frictional moment of the device at rest is ob-

tained from the formula

= P-F
Muv r-¥y - 2
where P = the axial load of screw (roller, housing)
F_ = friction radius and
u, = the coefficient of friction between the parts

(screw-roller, roller-housing) of the device at rest. The

friction radius is derived from the formula

DR, - DR.
F =.__k__.___1—.s - Y
by 2 P

the inside diameter of the threads of the roller

where DRi
S
respectively (i.e. total play) and

]

the play between roller-housing and roller-screw,

r = the edge radius of the thread of the screw

(housing).
In Fig. 4 it is shown schematically how Fr can be

interpreted graphically. By varying the friction radius it
is thus possible to actuate the frictional moment, i.e.

the self-braking. It is to be understood that the calcula-
tions made above of course also apply to the engagement of
the roller with the housing utilizing the current magnitudes.
Thus, it is possible by the present invention to "build-in"
self-braking with a stationary device by achieving an en-
forced relative movement between the thread flanks being
in engagement with each other. Thus, complete self-braking
is possible also when using e.g. hardened steel - hardened
steel. As the coefficient of friction at motion (dynamical
friction) at this material is about three times lower than
at rest the self-braking effect will not influence the
device in operation to a large degree. When using hardened
steel against hardened steel an efficiency of up to 90% is
obtained. As mentioned above, Fig. 4 is a graphical re-
presentation showing schematically the engagement between
the threads and teeth of the screw 1 and a roller 3. The
teeth of the screw are shown with a dashed line in the
figure.
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Using similar thread turning in housing and rollers
and an opposite thread turning in screw together with an
exact guiding of the motion of the rollers relative to screw
and housing a faultless; smooth operation of the device with
a normally opposite direction of motion of the housing rela-
tive to the turning direction of the screw is obtained. At
clockwise ‘turning of the left-hand screw the housing will
thus "be screwed onto the screw". Thus; it is possible
according to the invention with the selected thread profile
and the reciprocal ratio between the pitch and average dia-
meters of coacting teeth and threads; respectively, to
achieve a self-braking screw - nut device which has not been
possible before.

The pitch circle of the teeth of the screw can of
course, within the scope of the invention, be spaced outside
the average diameter of the screw threads. In practice the
teeth can then be arranged on the thread tops of the screw
with a corresponding placement of the pitch circle of the
teeth of the relative roller spaced inside the average dia-
meter of the threads of the roller. The demand is still
exact gulding, thread geometry and friction radius.
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1. A device for translating a rotary motion to a
linear one consisting of a first elongate body (1) provided
with screw threads extending along the body and a second
body (5) rotatable coaxially with the first body, a number
or rollers (3) arranged between the first and the second
body with the axes of the rollers parallel to the axes of
the bodies and provided with threads engaging the screw
threads of the first body, the first body being provided with
teeth extending substantially along the entire body, and
that the rollers have teeth cooperating with the teeth of the
first body, one body being displaced relative to the other at
turning of the bodies relative to each other, c harac -
terdized in that the second body (5) has threads (6)
cooperating with the threads (4) of the rollers (3), that
the second body has teeth (11) cooperating with the teeth
(9) of the rollers, that the threads (2, 4, 6) of the first
body (1), the rollers (3) and the second body (5) are
trapezoidal threads, that the threads of the rollers (3)

‘and the threads of the second body (5) have the same turning
direction and the threads of the first body (1) have a
turning direction opposite to the turning direction of the
rollers and the second body and that the pitch circle (14)
of the teeth (8) of the first bedy (1) is located at some
distance from the average diameter (15) of the threads (2}
of the first body (1) and the pitch circle (16) of the teeth
(3) of the vroller (3) is located at some distance from the
average diameter (17) of the threads (4) of the roller.

2. The device of claim 1, characterized
in that the first body (1) has the shape of a screw and
the second body (5) the shape of a sleeve.

3. The device of claim 1 or 2, character -
iz ed in that the pitch circle (14) of the teeth (8) of
the first body (1) is located at some distance inside the
average diameter (15) of the threads (2) of the first body
(1) and the pitch circle (16) of the teeth (9) of the
roller (3) is located at some distance outside the average
diameter (17) of the threads (4) of the roller (3).
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4. The device of any one of the foregoing claims,
characterized in that said distance determines
the frictional moment of the device at rest, which moment
is defined by the formula P ° Fr ° Uy, ) 2; where P = the
axial load of cooperating parts, U, = the coefficient of
friction between the parts at rest and the radius of friction
DR DR,

Fr = ——E;é;——i - Sp T, where DRy = the average diameter

i

of the teeth of the relative roller, DR:.L the inside dia-
meter of the threads of the relative roller, Sp = the play
between cooperating parts and R = the edge radius of a
thread in the first body (1) and the second body (5).

5. The device of any one of the foregoing claims,
characterized in that the gear change U, is
obtained from the formula

,DSk om
Ut =—x > where R is the longitudinal displace-

ment of the second body (5) of one turn of the first body

(1) and is derived from the formula

DS DS
R=S§S-3S8 k - § (1_ k ) DSk

Z(DSk + DRk) Z(DSk + DRk) DRk

where S = the pitch, DS; = the average diameter of the
teeth (8) of the first body (1) and DRk = the average dia-
meter of the teeth (9) of the relative roller (3).
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